Claims 



We claim: 

1 . A method for synthesizing a nucleic acid molecule 
ctAprising at least one non-canonical nucleotide, comprising 
theXgteps of: 

a) incubating a template nucleic acid in a 
reaction mixture under nucleic acid synthesis 
conditions containing (i) a mutant nucleic acid 
polym^ase, wherein said polymerase has a reduced 
discrirr\nation between canonical and non-canonical 
nucleoside triphosphates, and (ii) at least one non- 
10 canonical nXicleoside triphosphate, wherein said non- 
canonical nuci^oside triphosphate is incorporated into 
the synthesizedSnucleic acid in place of only one 
canonical nucleos\de triphosphate, and 

b) obtaining the synthesis of a nucleic acid 
15 molecule comprising a\^Jjeast one non-canonical 

nucleotide . 

2. The method o^^^^^imX^ \herein the template nucleic 
acid is DNA. 

3. The method of claim 1 where^ the template nucleic 
acid is RNA. 



4. The method of claim 1 wherein a ni^^leic acid 
molecule comprising at least one non-canonicaVnucleotide is 
synthesized by extension of a primer molecule, ds^ least part 
of which is sufficiently complementary to a portidn of the 
template to hybridize therewith. 
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5. 

molsecule comprising at least one non-canonical nucleotide is 
synt^sized de novo without using a primer molecule. 



RNA polymerc 

7 . The me«aod of claim 1 wherein the polymerase is a 
"7 -type RNA polymeirkse . 

8. The method of Vlaim 1 wherein the polymerase is 
selected from the group cd)^LfftLn^of T7 and SP6 RNA 
polymerases 

9. The method of claim l^herein the mutant 
polymerase is an RNA polymerase anii the non-canonical 
nucleoside triphosphate is a 2 ' -f luo\p-nucleoside 
triphosphate . 

10. The method of claim 1 wherein th^synthesized 
nucleic acid molecule has an altered susceptiSbility to a 
ribonuclease or a deoxyribonuclease compared t\ a nucleic 
acid which is .synthesized using the correspondin\^non-mutant. 
nucleic acid polymerase. 
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11. The method of claim 1 wherein the synthesized 
:leic acid molecule is selected from the group consisting 
a ribozyme or a nucleic acid molecule used for gene 
srapy, in a vaccine, in an antiviral composition, in an 
ant\microbial composition, in an antisense composition for 
regulating gene expression, in a composition for 

Lzation to a complementary nucleic acid, or as a probe 
for detection of a complementary nucleic acid. 



12. l^he method of claim 1 wherein the synthesized 
nucleic aci<A molecule is single-stranded. 

13. A kitXfor perfoorming the method of claim 1, 
comprising a mut^t nucleic acid polymerase which has 
reduced discriminaVion between canonical and non-canonical 
nucleoside triphosphates and data or information describing 
conditions under whicVtTTfexmethod of claim 1 may be 
performed . 

14. The kit of^laimV^, wherein the nucleic acid 
polymerase is a mutant T7-typ^RNA polymerase, 

15. The kit of claim 13, wh^ein the nucleic acid 
polymerase is a T7 RNA polymerase cdpiprising an altered 
amino acid at position 6 39 



16, The kit of claim 13, wherein thte nucleic acid 
polymerase is SP6 RNA polymerase comprisin^an altered amino 
acid at position 631. 
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\ 17. A method for determining the sequence of a nucleic 
ac\d molecule using a mutant RNA polymerase which has a 
redii^d discrimination for non-canonical versus canonical 
nucleosides as substrates, comprising the steps of: 

\a) synthesizing a nucleic acid molecule de novo 
from an RNAP promoter sequence in a reaction mixture 
containing the mutant RNA polymerase in each of four 
separate \eactions, each reaction comprising at least 
four nucledteide triphosphates, wherein at least one 
nucleoside t£siphosphate has a nucleic acid base which - 
is complementa\^ to each of adenine, cytidine, guanine 
and uracil or thWine and a sugar with either a hydroxy 
or a hydrogen or aV fluorine at the 2 '-position, and a 
portion of a ddNTP,\such that each of the four separate 
reactions contains a ViNTP that is complementary to a 
different one of the fb^r common nucleic acid bases in 
a nucleic acid moleculey'^^n^'x 

b) evaluating/the ifwkction products so that the 
sequence of the tem/la^ mi^cule may be deduced. 

18. The method of claim 17 WheJ^in, each reaction 
comprises at least four nucleoside trrtohosphates chosen from 
the group consisting of ATP, CTP, GTP, \nd UTP or rTTP, and 
further comprises one ddNTP . \ 

19. The method of claim 17 wherein, eaWi reaction 
comprises at least four nucleoside triphospha^s chosen from 
the group consisting of dATP, dCTP , dGTP , dUTP,^dTTP, 7- 
deaza-dGTP, dITP, 5-methyl-dCTP , 5-hydroxy-methylVcTP , and 
further comprises one ddNTP. \ 
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20. The method of claim 17 wherein, each reaction 
coJaprises at least four nucleoside triphosphates chosen from 
the\roup consisting of 2'-F-ATP, 2'-F-CTP, 2'-F-GTP, 2'-F- 
UTP, rV-F-TTP, 2'-deaza-2'-F-GTP, 2'-F-ITP, and 5-methyl-2'- 
F-CTP, 5\hydroxymethyl-2'-F-CTP and further comprises one 
ddNTP . 

21. A method for determining the sequence of a nucleic 
acid molecule usWg a mutant RNA polymerase which has a 
reduced discrimination for non-canonical versus canonical 
nucleotides as subs^ates, comprising the steps of: 

a) synthesizing a nucleic acid molecule by 
extending a primer\ wherein at least part of the primer 
is complementary to \ template molecule so as to anneal 
therewith, in a reactiWi mixture containing the mutant 
RNA polymerase in each/^'lo^^ separate reactions, each 



reaction comprising al 
triphosphates, wherein al 



four nucleoside 
ist one nucleoside 



triphosphate has a nkoieic ads\d base which is 
complementary to each of adeni^^, cytidine, guanine and 
uracil or thymine and a sugar wi£h either an hydroxy or 
a hydrogen or a fluorine at the 2'-V>sition, and 
further comprising a portion of a dd^P, such that each 
of the four separate reactions contain^ a ddNTP that is 
complementary to a different one of the \^ur common 
nucleic acid bases, and 

b) evaluating the reaction products s^that the 
sequence of the template molecule may be deduced, 
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22. Th^nethod of claim 21 wherein, eacn reaction 
comprises at least four nucleoside triphosphates chosen from 
the gr^P consisting of ATP, CTP, GTP, and UTP or rTTP , and 
further domprises one ddNTP . 

23. ThXmethod of claim 21 wherein, each reaction 
comprises at l^st four nucleoside triphosphates chosen from 
the group consisting of dATP, dCTP, dGTP, dUTP, dTTP, 7- 
deaza-dGTP, dITP , \-inethyl-dCTP , 5-hydroxymethyl-dCTP and 
further comprises orfe ddNTP. 

24. The method ofVrlaim 21 wherein, each reaction 
comprises at least four nSicleoside triphosphates chosen from 
the group consisting of 2'V-ATP, 2'-F-CTP, 2'-F-GTP, 2'-F- 
UTP, 2'-F-TTP, 7-deaza-2'-F-\TP, 2'-F-ITP, and 5-methyl-2'- 



F-CTP , 5-hydroxymethyl-2 ' -F-C 
ddNTP . 



anj 



^further comprises one 



25. The method of claim 1, wh^ein a dinucleotide or 
trinucleotide for initiation of de no\o nucleic acid 
synthesis is added to the reaction mixtt 

26. The method of claim 17, wherein ^ least one of 
the nucleoside triphosphates in the reaction\inixture is 
modified to contain a radioactive or non-radid^ctive label 



27. The method of claim 17, wherein the ddN^ in the 
reaction mixture is modified to contain a radioactiO^ or 
non-radioactive label . 
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28. The^ethod of claim 25, wherein the dinucleotide 
or \rinucleotide in the reaction mixture is modified to 
contXn a radioactive or non-radioactive label. 



29. \ A kit for performing a dideoxy sequencing 
reaction, Comprising a mutant nucleic acid polymerase which 
has reducedXdiscrimination between canonical and non- 
canonical nucleoside triphosphates and data or information 
describing coAfiitions under which the method may be 
performed . 



30. A methocXfor determining the sequence of a nucleic 
acid molecule usingXa mutant RNA polymerase which has a 
reduced discriminati\n for non-canonical versus canonical 
nucleotides as substr^f^,^ comprising the steps of: 

a) syntl/esi\ifi^a nucleic acid molecule de novo 
from an RNAP ftomoy^r sequence in a reaction mixture 
containing a iLt^t >^A polymerase in each of four 
separate reactions, eath reaction comprising at least 
four nucleoside triphosphates, wherein at least one 
nucleoside triphosphate rtas a nucleic acid base which 
is complementary to each (^adenine, cytidine, guanine 
and uracil or thymine and a\sugar with a hydrogen or a 
fluorine at the 2 ' -position , Nand a portion of a rNTP, 
such that each of the four sepWate reactions contains 
a rNTP that is complementary to\a different one of the 
four common nucleic acid bases, and 

b) treating the nucleic aci\ products of the 
reactions so as to bring about hydrdaysis of the 
phosphodiester backbone at all sites Where a 
ribonucleotide has been incorporated, '^nd 
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c) evaluating the reaction products so that the 
sequence of the template molecule may be deduced. 



3ly The method of claim 30 wherein the nucleic acid 
synthesii is part of or coupled to a method for nucleic acid 
amplif icatVon . 

32. A krt for performing the method of claim 30 
comprising a mu^nt nucleic acid polymerase which has 
reduced discriminVion between canonical and non-canonical 
nucleoside triphosp^tes and data or instructions describing 
conditions under whid^ the method of claim 30 may be 
performed . 

33. A kit for performng the method of claim 31 
comprising a mutant nucleic ^id polymerase which has 
reduced discrimination betwee^an/bnical and non-canonical 
nucleoside triphosphates anrf daM or instructions describing 
conditions under which the ^let^d^Y claim 31 may be 
performed . 



34. A method for determining the sWuence of a nucleic 
acid molecule using a mutant RNA polymera^ which has a 
reduced discrimination for non-canonical versus canonical 
nucleotides as substrates, comprising the stef^ of: 

a) synthesizing a nucleic acid mole^le by 
extending a primer, at least part of which 
sufficiently complementary to a template moledule so. as 
to anneal therewith, in a reaction mixture con tuning a 
mutant RNA polymerase in each of four separate 
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-reactions, each reaction comprising at least four 
nilfleoside triphosphates, wherein at least one 
nucleoside triphosphate has a nucleic acid base which 
is complementary to each of adenine, cytidine, guanine 
and ura\il or thymine and a sugar with either a 
hydrogenVr a fluorine at the 2 '-position, and a 
portion of \a rNTP, such that each of the four separate 
reactions contains a rNTP that is complementary to a 
different oneXof the four common nucleic acid bases in 
a nucleic acid Violecule , 

b) treating the nucleic acid products of the 
reactions so as t\ bring about hydrolysis of the 
phosphodiester bac}*one at all sites where a 
ribonucleotide has b\en incorporated, and 

c) evaluating tiie reaction products using any of 
the methods common in/uje^ art for separating and 
detecting reaction pfodu¥ts of sequencing reactions so 
that the sequence ofl th/ \«fmplate molecule may be 
deduced . 

35. The method of claim 34 wh^ein the nucleic acid 
synthesis is part of or coupled to a yethod for nucleic acid 
amplification . 



36. A kit for performing the metho^ of claim 34 
comprising a mutant nucleic acid polymerase which has 
reduced discrimination between canonical and non-canonical 
nucleoside triphosphates and data or instiiuctions describing 
conditions under which the method of claimy34 may be 
performed . 
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37. A kit for performing the method of claim 35 
compr^ing a mutant nucleic acid polymerase which has 
r-duced >iiscrimination between canonical and non-canonical 
nucleosideVriphosphates and data or instructions describing 
conditions uri^er which the method of claim 35 may be 
performed . 

38. The meth^ of claim 1 wherein the nucleic acid 
synthesis is part of \^r coupled to a method for hucleic acid 
amplification . 



39. A kit for perfoAiing the method of claim 38 
comprising a mutant nucleic \a^ir^^lymerase which has 
reduced discrimination betw/eW canonical and non-canonical 
nucleoside triphosphates Jid or instructions describing 

conditions under which thL^fietbod^ of claim 38 may be 
performed . 



40. A kit for performing a parti^ ribo-substitution 
reaction comprising a mutant nucleic aciA^polymerase which 
has reduced discrimination between canonicdvL and non- 
canonical nucleoside triphosphates and data information 
describing conditions under which the method mky be 
performed. 



QB3\22242B.l 



-81- 



